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Background: Before total body computed tomography scan, an initial rapid imaging assessment should be 
conducted in the trauma bay. It generally includes a chest x-ray, pelvic x-ray, and an extended focused 
ultrasonography assessment for trauma. This initial imaging assessment has been poorly described since 
the increase in the use of ultrasound. Therefore, our study aimed to evaluate the diagnostic accuracy and 
therapeutic impact of this initial imaging work-up in severe trauma patients. A secondary aim was to 
assess the therapeutic impact of a chest x-ray according to the lung ultrasonography findings. 
Methods: Patients with severe trauma who were admitted directly to our level 1 trauma center were 
consecutively included in this retrospective single center study. The diagnostic accuracy, therapeutic 
impact, and appropriate decision rate were calculated according to the initial assessment results of the 
whole body computed tomography scan and surgery reports. 
Results: Among the 1315 trauma patients admitted, 756 were included in this research. Lung ultrasound 
showed a higher diagnostic accuracy for haemothorax and pneumothorax cases than the chest x -ray. 
Sensitivity and specificity of the abdominal ultrasound to detect intraperitoneal effusion were 70% and 
96%, respectively. The initial assessment had a therapeutic impact in 76 (10%) of the patients, including 16 
(2%) immediate laparotomies and 58 (7%) chest tube insertions. The pelvic x-ray had no therapeutic 
impact, and when the lung ultrasound was normal, the chest x-ray had a therapeutic impact of only 0.13%. 
Combining the chest x-ray and lung ultrasound allowed adequate management of all the pneumothorax 
and haemothorax cases. Only one of the 756 patients had initial management that was judged as 
inappropriate. This patient had a missed pelvic disjunction with active retroperitoneal bleeding, and 
 
 
 
. 
 
 
underwent an inappropriate immediate laparotomy. 
Conclusions: In our cohort, the initial imaging assessment allowed appropriate decisions in 755 of 756 
patients, with a global therapeutic impact of 10%. The pelvic x-ray had a minimal therapeutic impact, and 
in the patients with normal lung ultrasounds, the chest x-ray marginally affected the management of our 
patients. The potential consequences of abandoning systematic chest and pelvic x-rays should be 
investigated in future randomized prospective studies. 
 
 
Introduction 
 
Trauma is one of the leading causes of death worldwide [1]. 
Some of these deaths are potentially avoidable, requiring improved 
procedures [2]. According to Advanced Trauma Life Support (ATLS), 
trauma requires a rapid assessment of injuries and the institution  
of life-preserving therapy [3]. To date, this approach is based on a 
chest x-ray (CXR), pelvic x-ray (PXR), and focused assessment with 
sonography for trauma (FAST) [4]. This initial imaging work-up 
enabled healthcare practitioners to make appropriate immediate 
decisions before the use of a whole-body computed tomography 
(WBCT) scan [5]. Recently, lung ultrasonography (LUS) was added 
to create an extended FAST (eFAST) in order to assess early thoracic 
injuries [6]. 
In trauma patients, an increasing body of literature has shown 
that the LUS accuracy is superior to that of the CXR [7–9]. However, 
to our knowledge, no studies investigating the diagnostic accuracy 
and therapeutic impact of an initial imaging work-up, including a 
CXR, PXR, and eFAST, have been conducted. In a prior study, 
Hamada et al. replaced x-rays with the eFAST in stable trauma 
patients [10], and they showed that this replacement was not 
associated with missed diagnoses. Our study is the first to evaluate 
the utility of the CXR and PXR in severe trauma since the 
introduction of the eFAST in the trauma bay. 
This study aimed to evaluate the diagnostic accuracy and 
therapeutic impact of an initial imaging work-up including a CXR, 
PXR, and eFAST in severe trauma patients. A secondary aim was to 
assess the therapeutic impact of the CXR according to the eFAST 
findings. 
 
Patients and methods 
 
This retrospective observational study was conducted at the 
North University Hospital in Marseille, France from August 2012 to 
August 2017. All the patients with severe trauma who were directly 
admitted to our trauma center were consecutively included in this 
research. This study was in compliance with the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
recommendations [11]. 
This study was approved by the National Commission for 
Information Technology and Civil Liberties (authorization no: 
2017-38) and by the Ethical Committee of the French Society of 
Anesthesiology and Critical Care (CERAR, IRB 00010254). 
 
Inclusion and data collection 
 
All the patients with severe trauma, according to the French 
trauma triage criteria, who were admitted directly to our trauma 
center were included in this study [12]. Those patients who were 
transferred from another hospital or from our emergency 
department were not included in this research. Patients with 
missing data greather than 5% were also excluded. For each patient, 
the following items were recorded: injury mechanism, demo- 
graphic features, cardiac arrest on scene, chest decompression on 
scene, Glasgow Coma Scale (GCS) on scene, and haemodynamic 
instability at admission (defined as a systolic arterial blood 
pressure < 90 mmHg or the use of a vasopressor) [13]. Upon 
admission, the following were calculated: Abbreviated Injury Scale 
(AIS), Injury Severity Score (ISS) [14], and Simplified Acute 
Physiology Score (SAPS II) [15]. 
 
Imaging protocol 
 
Upon admission to the trauma bay, according to our local 
protocol (Fig. 1), each of the patients underwent a bedside imaging 
work-up, including a CXR, PXR, and eFAST. The eFAST consisted of 
an ultrasonographic assessment of the abdomen, pelvis, pericar- 
dium, and pleura [16]. It was performed under the direct 
 
 
 
 
Fig. 1. Institutional protocol. 
CXR: chest x-ray; PXR: pelvic x-ray; eFAST: extended focused assessment with sonography for trauma; WBCT: whole-body. computed tomography. 
 
 
supervision of the senior intensivist in charge of the patient. The 
eFAST technique was in compliance with the international 
guidelines [3]. 
 
Diagnostic accuracy 
 
The results of the initial imaging work-up were prospectively 
collected in a standardized file. Once stabilized, each patient was 
transferred to the radiology department where a WBCT scan was 
performed according to the international guidelines [3].  Those  
who did not respond to the initial resuscitation underwent an 
immediate bleeding control procedure before the WBCT scan on 
the basis of the initial imaging results. 
The accuracy of each procedure was compared with the WBCT 
scan or surgical findings, which served as a reference method. This 
was expressed using the sensitivity, specificity, positive predictive 
value, negative predictive value, likelihood ratio, and Youden index 
[17,18]. Occult pneumothorax cases defined as a collection of air 
less than 1 cm thick on the largest slice and observed on less than 5 
contiguous images were excluded from the statistical analysis [19]. 
Haemothorax and haemoperitoneum cases in which the radiolo- 
gist estimated volume was less than 100 ml were also excluded [7]. 
 
Therapeutic impact 
 
Immediate decisions preceding the WBCT scan based on the 
initial imaging assessment as evaluated by our study were defined 
as follows: 
 
CXR and eFAST: immediate chest decompression and/or chest 
drainage and/or immediate thoracotomy [20]. 
• Pericardial ultrasonography: pericardial drainage [21]. 
• Abdominal ultrasonography: laparotomy [3]. 
• PXR: pelvic angiography and possible embolization [22]. 
The therapeutic impact of each imaging technique was defined 
as the following ratio: number of therapeutic changes induced by 
an imaging technique related to the total number of imaging 
techniques. 
 
Appropriate decision 
 
The decision associated with each initial imaging procedure 
was a posteriori classified as appropriate or inappropriate by 2 
investigators (LZ and RF). They analyzed the patient’s file, including 
the radiological and surgical reports. When discordance occurred 
between the 2 investigators, a third investigator (ML) made the 
final decision. For the CXR and LUS, the following decisions were 
considered to be appropriate: 
 
Immediate pleural decompression or chest tube insertion in the 
case of life-threatening conditions (haemodynamic instability 
and/or respiratory distress) associated with a compressive 
pneumothorax, haemothorax, or haemopneumothorax (includ- 
ing patients with a pneumothorax or haemothorax on the LUS 
but absent on the CXR) [20]. 
Chest tube insertion in patients with a pneumothorax present 
on the CXR and LUS without life-threatening conditions. 
 
For the pericardial ultrasonography, the following was consid- 
ered appropriate: drainage of the pericardial fluid in the case of 
clinical and/or ultrasound signs of tamponade, as defined by the 
guidelines of the European Society of Cardiology for the diagnosis 
and management of pericardial diseases [21]. The following was 
considered to be appropriate for the abdominal ultrasonography: 
the decision to perform an immediate laparotomy in order to 
control bleeding in the case of free peritoneal effusion in the 
abdominal ultrasound in an unstable patient, and the presence of a 
haemoperitoneum at the opening of the peritoneal cavity as 
confirmed by the surgical reports [3]. Finally, for the PXR, the 
following was appropriate: the decision to perform direct vascular 
embolization or peritoneal packing and the presence of active 
bleeding as confirmed by angiography [22]. 
Without such indications, abstention was judged as appropri- 
ate. In all other cases, the decisions were judged as inappropriate. A 
decision was defined as positive when an immediate procedure 
was deemed necessary and negative in the case of therapeutic 
abstention. 
 
Imaging characteristics 
 
The radiation exposure levels were 0.05 mSv and 1.2 mSv for the 
CXR and PXR, respectively [12]. 
 
Statistical analysis 
 
The statistical analysis was performed using the R Project for 
Statistical Computing 3.3.1 for Linux Ubuntu software (Vienna, 
Austria) [23]. The data were presented as the number (percentage) 
for the qualitative variables and median and interquartile range 
[25th; 75th percentile] for the quantitative  variables.  The  accuracy 
of each method in diagnosing traumatic lesions using the WBCT 
scan as the reference method was expressed using the sensitivity, 
specificity, positive predictive value, negative predictive value, 
likelihood ratio, Youden index, and diagnostic accuracy expressed 
as  the  following:  [(true  positive + true  negative)/(true  posi-  tive 
+ true negative + false positive + false negative)] [24]. The 
independence between the right and left chest walls for the 
occurrence of each thoracic lesion was tested using Fisher’s exact 
test [7]. 
 
Results 
 
Between August 2012 and August 2017, 1315 severe trauma 
patients were admitted to our trauma center. Of these, 756 were 
admitted directly to the trauma bay, including 690 (90%) blunt 
trauma patients (Fig. 2). The mean age was 37 [23; 49] years old 
and 620 (82%) patients were male. The cause of the blunt trauma 
was a motor accident in 526 (70%) cases, and the median time 
spent in the trauma bay was 24 [15; 37] min (Table 1). 
 
X- rays 
 
At admission, CXRs were performed in 745 (99%) patients. The 
diagnostic accuracy of the CXR is shown in Table 2, and it had a 
therapeutic impact for 53 (7%) patients. Of these, 41 pneumothorax 
and 13 haemothorax cases were treated on the basis of the CXR and 
LUS findings. No haemothorax cases were treated based only on 
the CXR findings. Five pneumothorax cases were treated on the 
basis of abnormal CXR results only and immediate life-threatening 
conditions, according to our protocol. In these cases, the LUS did 
not contribute to the diagnosis due to subcutaneous emphysema. 
The specific therapeutic impact of the CXR is shown in Table 3. At 
admission, PXRs were performed in 745 (99%) patients; however, 
the PXR had no therapeutic impact. The specific therapeutic 
impacts of the PXR and CXR are shown in Table 3. 
 
Lung ultrasonography 
 
At admission, LUSs were performed in 751 (99%) patients, and 
the diagnostic accuracy of the LUS is shown in Table 2. The LUS had 
a therapeutic impact for 53 (7%) patients, including 41 
• 
• 
• 
 
 
 
 
Fig. 2. Flow chart of the study. 
LUS: lung ultrasonography; CXR: chest x-ray; WBCT: whole-body computed 
tomography.neurosurgery, North university 
 
 
pneumothorax and 13 haemothorax cases. Nine haemothorax 
cases were treated only on the basis of the LUS. Eight out of these 9 
patients had abnormal LUSs and immediate life-threatening 
conditions. Six pneumothorax cases were treated on the basis of 
abnormal LUS and immediate life-threatening conditions. The 
specific therapeutic impact of the LUS is shown in Table 3. 
 
Pericardial ultrasonography 
 
Pericardial ultrasonography was performed in 696 (92%) 
patients. Three (0.4%) patients  had  pericardial  effusion,  and  all 
of them had penetrating chest traumas. One patient was stable and 
underwent a WBCT scan, which overturned the pericardial  effusion 
diagnosis. Two of the patients underwent immediate surgical 
drainage due to clinical signs of tamponade. The diagnoses were a 
pericardial wound and a left ventricular wound. The specific 
therapeutic impact of the pericardial ultrasonography is shown in 
Table 3. 
 
Abdominal ultrasonography 
 
Abdominal ultrasound examination was performed in 756 
(100%) patients, and peritoneal effusion was found with the 
 
Table 1 
Demographic and clinical characteristics of the patients at the time of initial 
evaluation. 
 
 Patients (n = 756) 
Blunt trauma 690 (91.3%) 
Injury type  
Motor accident 526 (69.7%) 
Fall 123 (16.3%) 
Sports-related 13 (1.7%) 
Other 94 (12.4%) 
Age (years) 37 [23; 49] 
Male sex 620 (82.0%) 
In-hospital mortality 108 (14.3%) 
SAPS II 33 [21; 50] 
ISS 25 [16; 34] 
Cardiac arrest 35 (4.6%) 
Haemodynamic instability 257 (34.0%) 
Norepinephrine infusion 165 (21.8%) 
Catheters before WBCT 506 (66.9%) 
Brain trauma 374 (49.5%) 
GCS score 10 [7; 15] 
Chest trauma 430 (56.9%) 
Mechanical ventilation 378 (50.0%) 
Prehospital chest tube 20 (2.6%) 
Subcutaneous emphysema 66 (8.7%) 
Values shown are n (%) or median [25th; 75th percentile]. SAPS II Simplified Acute 
Physiology Score, ISS Injury Severity Score, WBCT whole-body computed tomogra- 
phy, GCS Glasgow Coma Scale. 
 
 
 
abdominal ultrasound in 106 (14%) patients. The diagnostic 
accuracy of the abdominal ultrasound is shown in Table 2. A 
therapeutic impact (immediate laparotomy) was found in 16 (2%) 
of the patients. Active peritoneal bleeding was found in 13 of the 16 
(81%) patients. Two (12%) patients had no active bleeding (liver 
wounds), and 1 (7%) patient had a retroperitoneal haemorrhage 
due to a pelvic arterial wound, without any abdominal injury. The 
specific therapeutic impact of the abdominal ultrasonography is 
shown in Table 3. 
 
Decision appropriateness 
 
Among the 756 patients, 76 (10%) required at least 1 immediate 
treatment. The global therapeutic impact of the initial imaging 
work-up was 10%, and was considered to be appropriate in 75 (99%) 
patients. 
Theoretically, the use of a CXR or LUS alone would have 
generated an inappropriate decision in 15 (2%) patients. Indeed, 14 
clinically relevant haemothorax cases would have been misdiag- 
nosed with the sole use of a CXR, and 1 clinically relevant 
pneumothorax case would have been misdiagnosed with the sole 
use of an LUS. However, in clinical practice, the combination of a 
CXR and LUS resulted in an appropriate therapeutic decision for  all 
the chest drainage cases. Therefore, all the clinically relevant 
pneumothorax and haemothorax cases were adequately treated 
before the WBCT scan. 
Immediate laparotomies were performed in 16 (2%) patients. In 
1 case, a laparotomy was judged to be inappropriate because the 
haemodynamic instability was due to active retroperitoneal 
bleeding. The PXR of this patient performed in the trauma bay 
showed a pubic symphysis disjunction. This patient had pre 
peritoneal packing and vascular embolization immediately after 
the inappropriate laparotomy. However, he should have been 
oriented to undergo vascular embolization or peritoneal packing 
before the laparotomy. Among the 756 patients, only one other 
case required an urgent vascular embolization procedure for pelvic 
trauma before performing a WBCT scan due to an open pelvic 
trauma with active external bleeding. All the 39 others vascular 
embolization were performed after the WBCT. 
 
 
Table 2 
Sensitivity, specificity, positive and negative predictive values, positive and negative likelihood ratios, and Youden index of the LUS, CXR, and FAST echography vs. the whole- 
body computed tomography (WBCT) scan for detecting traumatic lesions. 
 Sensitivity % Specificity % Youden index Positive 
predictive 
value % 
Negative 
predictive 
value % 
Positive 
likelihood ratio 
Negative 
likelihood 
ratio 
Diagnostic accuracy 
Pneumothorax (n = 198) 
LUS (n = 1495) 
 
69 
 
99 
 
0.7 
 
94 
 
96 
 
112 
 
0.3 
 
96 
CXR (n = 1488) 37 100 0.4 95 91 120 0.4 91 
Haemothorax (n = 103) 
LUS (n = 1495) 
 
48 
 
100 
 
0.5 
 
90 
 
97 
 
135 
 
0.5 
 
96 
CXR (n = 1488) 29 100 0.3 90 95 133 0.7 95 
Peritoneal effusion (n = 116) 
FAST (n = 756) 
 
70 
 
96 
 
0.7 
 
78 
 
95 
 
19 
 
0.3 
 
92 
Values shown are %. LUS lung ultrasonography, CXR chest x-ray, FAST focused assessment with sonography for trauma. We found no difference between the right and left chest 
walls regarding the occurrence of each thoracic lesion, which allowed us to analyze the lung fields as separate entities; 1495 lung fields were assessed for LUS  and 1488 lung 
fields for CXR. 
 
Table 3 
Specific therapeutic impacts of the different imaging techniques.  
 
Imaging technique Therapeutic impact Appropriate 
positive 
decision 
Inappropriate 
positive decision 
Appropriate 
negative decision 
Inappropriate 
negative decision 
LUS (n = 751) 5 (0.7%) 5 (100%) 0 745 (99.9%) 1 (0.1%) 
CXR (n = 745) 5 (0.7%) 53 (100%) 0 678 (98%) 14 (2%) 
LUS + CXR (n = 741) 48 (6 %) 48 (100%) 0 693 (100%) 0 
Pericardial sonography (n = 683) 2 (0.3%) 2 (100%) 0 681 (100%) 0 
PXR (n = 745) 0 0 0 744 (99.9%) 1 (0.1%) 
Abdominal sonography (n = 756) 16 (2%) 15 (94%) 1 (6%) 740 (100%) 0 
Global therapeutic impact of initial assessment  76 (10%) 123 (99.2%) 1 (0.8%) 741 (99.6%) 1 (0.4%) 
Values shown are n (%). LUS lung ultrasonography, CXR chest x-ray, FAST focused assessment with sonography for trauma. 
 
 
Imaging characteristics 
 
The global radiation was 952 mSv (745 CXR and 745 PXR). 
 
Discussion 
 
Our study showed that an initial imaging assessment was 
associated with a rate of 755/756 appropriate decisions. It also 
underscored the low therapeutic impact of a PXR and CXR, 
especially when the LUS is normal. 
As expected, for the pneumothorax and haemothorax cases, the 
diagnostic accuracy of the LUS was higher than that of the CXR [7–9]. 
However, our findings showed that the rate of appropriate decisions 
was higher with the LUS than with the CXR [5]. When the LUS and 
CXR were combined, the rate of appropriate decisions was 100%. 
Before the development of eFAST, Peytel et al. missed 2 clinically 
relevant pneumothorax cases among 400 patients using the CXR 
alone. Indeed, our study confirms the benefits of implementing an 
LUS in the initial assessment of trauma patients. 
For the first time, we investigated the therapeutic impact of the 
CXR in combination with the LUS. Interestingly, in the patients 
with normal LUS results, the diagnostic impact of the CXR was only 
0.13%. Recently, with the increasing use of the LUS in the trauma 
bay, the usefulness of the CXR has been questioned. For example, 
Hamada et al. showed that, in trauma patients with haemody- 
namic stability, the exclusion of the CXR and PXR from the initial 
imaging work-up was feasible and safe [10]. In addition, they 
questioned the performance of the CXR and PXR in unstable 
trauma patients. In our cohort, 257 (34%) patients were considered 
to be unstable according to our criteria [13], and the PXR findings 
did not seem to affect their orientations. Our results also suggest 
that a systematic PXR may be an ineffective procedure in the initial 
 
work-up, although it can help in the global assessment. In our 
cohort, all the trauma patients requiring pelvic vascular emboliza- 
tions underwent WBCT scans before the procedure. We estimated 
that, in our cohort, this change of practice would decrease the 
radiation dosage by 932 mSv [12]. 
In contrast, there is still a debate around the use of the CXR. In 
routine practice, the CXR helps in assessing the pneumothorax 
volume. As previously reported, the LUS only serves to obtain a 
semiquantification of the pneumothorax [8]. Indeed, the lung 
point determination in each intercostal space discriminates a 
minor from a significant pneumothorax. However, in case of 
complete pneumothorax (defined as a complete separation of the 
lung from the chest wall), the lung point is absent. In fact, a 
pneumothorax cannot be evaluated perfectly by an LUS since air 
stops the ultrasound waves. In contrast, the CXR has a low 
sensitivity but high specificity in the detection of an anterolateral 
pneumothorax. Thus, in our daily practice, before the WBCT scan, 
we perform a chest tube insertion in those patients with 
pneumothoraces that are discernible on the CXR. In those patients 
with pneumothoraces on the LUS that are not visible on the CXR, a 
chest tube was inserted in the case of haemodynamic or 
respiratory failure that was not explained by another evident 
cause. Finally, in case of subcutaneous emphysema, ultrasounds 
cannot reach the pleura and therefore LUS shouldn’t be used. 
The abdominal ultrasound exhibited good diagnostic accuracy 
for detecting peritoneal effusion [4]. However, the low therapeutic 
impact of the abdominal ultrasound and the high rate of active 
bleeding in the patients who underwent an immediate laparotomy 
were striking. Our immediate laparotomy rate was 5-fold lower 
than those reported elsewhere [5]. In our cohort, the rate of 
patients undergoing immediate laparotomies and in whom active 
bleeding was found was 81%, while Charbit et al. found a rate of 
 
 
50% [25]. We explain this difference by the greater use of the WBCT 
scan in our patients. Studies have shown a survival benefit if the CT 
scanner is located less than 50 m from the trauma bay, as in our 
hospital [26]. In addition, Huber-Wagner et al. suggested a survival 
benefit with a WBCT scan in patients exhibiting shock [27]. Our 
hypothesis for our results is that we performed an immediate 
laparotomy only in the most severe cases, explaining the low 
incidence of this process. 
Our study had several limitations that we must acknowledge. 
Firstly, it was a retrospective study. However, our data were 
prospectively collected in order to evaluate our practices, which 
probably minimized the risk of bias. Consequently, we had to 
exclude all the cases in which the prospective file containing the 
results of the initial imaging work-up was not available. Secondly, 
our study was performed in a single center with a blunt trauma 
rate above 90%, reducing the extrapolation of our findings. Finally, 
we focused on the initial imaging work-up, and we did not assess 
the morbidity and mortality. Therefore, we cannot make con- 
clusions about the associations between the initial imaging work- 
up and the outcome. 
 
Conclusion 
 
In this observational study, we observed a high rate of 
appropriate decisions after the initial imaging work-up, including 
a PXR, CXR, and eFAST. However, the PXR had a minimal 
therapeutic impact. In those patients with a normal LUS, the 
CXR marginally affected the management of our patients. The 
potential consequences of abandoning systematic CXR, and 
favoring a LUS based strategy involving or not involving a CXR 
before the WBCT should be investigated in future randomized 
prospective studies. 
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